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Description 

BACKGROUND OF THE INVENTION 
5 Held of the invention 

The present invention relates to a polymerizable composition that can yield an unreleasable antimicrobial polymer 
and, more specifically, to a polymerizable composition capable of yielding an unreleasable antimicrobial polymer from 
which the antimicrobial component is not released, and the polymer and medical articles obtained from the composi- 
te tion. 

The medical articles produced according to the present invention includes artificial blood vessel, artificial skin, 
wound-covering materials, catheter, suture, dental materials (adhesives. coating agents, composite resins and the like)! 
contact lens, bone cement and the like. 

is Description of the prior art 

Polymers having antimicrobial property are known. For example, polymers containing a releasable antimicrobial 
component have this property. It has been considered necessary for development of antimicrobial property that the anti- 
microbial component used be entrapped by bacteria or enclose them to kill or inactivate them. For this purpose, it has 

20 been considered necessary that the antimicrobial component elute, i.e. be released, to contact with bacteria unrestrict- 
edly. For example, "Synthesis and Antibacterial Activities of Copolymers Having a Quaternary Salt Group", that is on 
pages 934-939 of METAL, INORGANIC AND POLYMER MATERIALS, the 9th series, literature of research and devel- 
opment issued from Agency of Industrial Science and Technology, reports that an acrylonitrile copolymer containing 
ammonium chloride groups is released to develop an antimicrobial property against Bacillus subtilis or Staphylococcus 

25 aureus. Japanese Patent Application Laid-open No. 201806/1987 discloses an antimicrobial dental composition con- 
taining cetylpyridinium chloride that is a known cationic surfactant 

EP-A-0 200 903 describes a water-dispersible vinyl copolymer comprising from 15 to 90 mole-% of recurring 
polymerized vinyl monomer units having a quaternary nitrogen cationic group containing an alkyl substituent having 14 
to 20 carbon atoms and from 10 to 85 mole-% of recurring polymerized vinyl monomer units having a quaternary nitro- 

30 gen cationic group having one or more alkyl substituents containing less than 1 4 carbon atoms. 

US-A-4 248 685 describes a random interpolymer derived from the polymerization of a mixture of monomers com- 
prising from about 1 0 to about 90% by weight of said mixture of a first monomer which is an ester of an a,p-olef inically 
unsaturated carboxylic acid and a monohydric or polyhydric alcohol having a terminal quaternary ammonium group and 
from about 90 to about 10% by weight of said mixture of at least a,p-olef inically unsaturated copolymer capable of being 

35 dispersed in aqueous media, in the presence of at least 0.02% by weight of a cross-linking agent. 

With releasing of anitimicrobial component, however, the antimicrobial activity decreases with elapse of time and is 
lost when the component is out. Antimicrobial components often give hazardous action to normal tissue and they, hav- 
ing been released, migrate also to normal tissue, whereby it is impossible to prevent the hazardous action completely. 
Incorporation of antimicrobial agents often causes the matrix to decrease its mechanical properties. 

40 The antimicrobial activity in the field of dental materials is briefly described below. Caries, which is a representative 
dental disease, develops by dissolution of enamel with acids produced by bacteria in the oral cavity. Streptococcus 
mutans is mentioned as an important bacterium causing caries. Periodontitis, which is a disease of periodontal tissue, 
develops also by bacteria present in the oral cavity. It is important for preventing either of these diseases to prevent the 
bacteria from forming plaque on the surface of dentin or to remove the plaque once formed, quickly. Regular toothbrush- 

45 ing is recommended to these ends. 

Where a dental prosthesis has been conducted to fill or restore a caries with a dental material such as resin or com- 
posite resin, it is also important, for the purpose of preventing development of secondary caries or periodontitis, to 
remove plaque that readily forms on the surface of the material caused by adhesion of bacteria. 

To prevent caries, known practice is topical application of fluoride, i.e. application to dentin of an acid phosphoric 

so fluoride (APF) solution or a diamine silver fluoride solution, which improves the acid resistance of enamel. Several 
attempts have also been made, while paying attention to the dental material used, to prevent plaque from depositing 
on, in particular, the very material. Thus, incorporation of antimicrobial agents in dental materials has been attempted, 
and there have been reported, for example, a composite resin incorporating chlorohexidine (K. Takemura et al, The Jap- 
anese Journal of Conservative Dentistry, Vol. 26. (2), 540-547, 1983), calcium phosphate-based cement incorporating 

55 metronidazole (M. Iwaku et al, The Japanese Journal of Conservative Dentistry, Vol. 30, (5), 1444-1448, 1987). 

Such simple incorporation of an antimicrobial agent in dental material, however, cannot assure satisfactorily dura- 
ble antimicrobial activity, since the agent is released out in a short period of time. The incorporation further has the prob- 
lem of decreasing the mechanical properties of the matrix material. 
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Furthermore, releasing of an antimicrobial agent contained in a dental composition may, while influencing the sur- 
face of the composition, badly influence bacterial flora surrounding the composition in the oral cavity. 

SUMMARY OF THE INVENTION 

5 

Accordingly, an object of the present invention is to provide an antimicrobial dental composition that does not allow 
its antimicrobial component to be released out. 

Thus, the present invention provides a polymerizable composition comprising an ethylenically unsaturated mono- 
mer, at least one mono-, di- or trifunctional monomer selected from the group represented by the following general for- 
10 mulas I through III and having antimicrobial activities and a polymerization initiator 

Ri 
I 

H 2 C=C-C-X-R 2 -Y i 
I 

O 



20 



Ri 
I 

(H,C=C-C-X-R, 
I 

o 



II 



25 



30 



Ri 
I 

(H,C=C-C-X-R,-) 
I 

0 



-Y' 



III 



wherein R, represents a hydrogen atom or a methyl group, Ffe represents an alkylene group having 6 to 18 carbon 
atoms. X represents an oxygen atom, a sulfur atom or an imide group and Y. Y and Y" represent any one selected from 
the following respective formulas: 



40 



45 



50 



55 
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35 wherein R 3 represents a hydrogen atom or an alky! group having 1 to 18 carbon atoms, R 4 represents a methyl group, 
an ethyl group or a hydroxyethyl group and Z represents a chlorine atom or bromine atom. 

The present invention further provides a process for the preparation of an antimicrobial linear copolymer by polym- 
erizing a monof unctional ethylenically unsaturated monomer and a monof unctional antimicrobial monomer represented 
by the above general formula I, in the presence of a polymerization initiator. The present invention also provides a proc- 

40 ess for the preparation of an antimicrobial crosslinked copolymer by polymerizing a mono- or multifunctional ethyleni- 
cally unsaturated monomer and an antimicrobial monomer represented by the above formula I, II or III, in the presence 
of a polymerization initiator. 

The present invention still further provides an unreleasable antimicrobial medical article obtained by shaping the 
above linear polymer and, also, an unreleasable antimicrobial medical article obtained by shaping the above 
45 crosslinked polymer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The polymer obtained from the composition of the present invention has antimicrobtally active regions, which do 
so not dissociate or are released out from the polymer. The antimicrobial activities developed by the structure of the poly- 
mer of the present invention cannot be explained from conventional concept. It is, however, considered to be due to 
some action exerted by the antimicrobial regions against bacteria that have come into contact with the polymer and kill- 
ing or inactivating them. 

Concrete examples of the antimicrobial compound used in the invention are as follows. 
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Compounds represented bv formula I 




H,C«C-C-X- (CH,) n-N> 
0 

R i 



H.C-C-C-X- (CHJn-NA 



10 



II 
O 




(n=6-1 8) 



(n « 6 - 1 8) 



15 



20 



25 



R i 
I 

H X C = C-C-X- (CH,) n-N + 

II 
O 



R i 



H,C = C-C-X- (CHJ n-N-CH,-2" 
II I 
0 CH, 




(n = 6 - 1 8) 



( n = 6 - 1 8) 



30 



Ri 



CH, 
I + 



H,C = C-C-X- (CHJ n-N-CH,< 

0 . I 
O CH, 




Z~ (n-6-18) 



35 



R, CH,CH,OH 
H 2 C = C-C-X- (CH,) n-N-CH:^- Z" (n-6-1 8) 
0 CH,CH,OH 



40 



45 



50 



55 



R» 



CH, 



H.C-C-C-X- (CH,) n-N < -HCI (n=6-18) 
. D CH, 

o 



R, 
I 

H 2 C = C-C-X- (CH 
II 
0 

R, 



,) n-f/ ^- 



HC I 



(n = 6 - 1 8) 



H,C = C-C-X- (CH. 

II N < 

O 

( n = 6. m«2-7) 



/ v (CH,) mCH, 

,) n-N VCH,CH ( • HC 



(CH,) mCH, 
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R, 

H,C = C-C-X- (CH,) n- N ^^ -^~^N - C H, • 2 Z~ (n-6-18) 
0 

R, 
I 

H,C = C-C-X- (CH,) n-N (CH,CH,OH) ,-HCI (n = S- 1 8) 
II 

0 



15 



R, CH, 

I : I + 

H,C = C-C-X- (CH,) n-N- (CH,) nCH, • Z (n = 6 . m= 6 - 1 8) 

II I 
20 0 CH, 

R, CH.CH.OH 

I I + 

H,C = C— C — X— (CH,) n— N— (CH,) mCH, • Z~ (n= 6 . m= 6 - 1 8) 

II I 
0 ' CH,CH,OH 



25 



wherein X and Z are as defined above. 

30 

Compounds represented by formula II 



35 



R i 

I + 
[H,C = C-C-0- (CH,) n-] ,-N (CH,) , • Z~ . (n = 8-18) 



40 



45 



SO 



R. 

[H.C-C-C-O- (CH,) n-] ,-N (CH,CH,OH) ,• Z" 



(n = 6-1 8) 
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10 



15 



20 



R, R, 

H 2 C = C-C-0- (CH,) n-N^y ^^ N- (CH : ) n-0«C-C = CH 2 • 2 Z* 

O • \ 0 

(n = 6-18) 

Ri 

[H z C = C-C-0- (CHI) n-] t ~N+ \ • Z" (n = 6-1 8) 

il \_v 

0 : 

wherein and Z are as defined above. 
Compounds represented bv formula III 

r; 

[H 2 C = C-C-0- (CH,) n-] ^ • Z" (n-6-18) 




25 



30 wherein' R 1 and Z are as defined above. 

It is desirable that the above antimicrobial compounds be contained in the composition in an amount of 0.01 to 50% 
by weight based on the weight of the composition. If the content exceeds 50% by weight, the resulting polymer will have 
low physical properties. 

The composition of the present invention is to produce the intended polymer, and can be supplied as it is to cus- 
35 tomers who then polymerize it upon use. Or, for those uses that require polymers, the composition can also be supplied 
in the form of polymers. 

Linear polymers, obtained by polymerizing monofunctional monomers, are best fit for uses requiring good thermo- 
plasticrty or ready moldability. For uses requiring high hardness, thermal resistance and strength, suitable are 
crossiinked polymers obtained by polymerizing a monomer mixture comprising at least one multifunctional monomer. 
40 The type and amount of the multifunctional monomer may be properly selected depending on the intended use of the 
resulting polymer. 

The polymers obtained according to the present invention have antimicrobial properties and hence they are suita- 
bly used for medical Hems. They are also, naturally, usable for goods for daily use and industrial purposes requiring anti- 
microbial properties. 

45 Shaped articles obtained according to the present invention include membranes, films and other shapes obtained 
by coating or injecting in a mold the composition and then polymerizing it They further include films, coating, fibers, hol- 
low fibers, hollow-bodies and like shapes obtained by forming the linear polymer or partially crossiinked polymers by 
known forming processes. 

More concrete uses intended by the present invention are now described. Dental applications include composite 
so resins, adhesives. pit and fissure sealants, prosthetics, denture bases, coating materials, resins for temporary restora- 
tion, resin-based cements and artificial tooth roots. Since the surface of dental materials is always exposed in the dental 
cavity, bacteria grow thereon to a large extent The effect of the present invention is therefore most suitably produced 
in the field of dental applications. Applications in orthopedics are bone cement artificial bone, artificial joint and the like. 
With respect to artificial bones, the composition of the present invention is more suitably used as a coating material for 
55 them. For surgery, suture, artificial vessel, wound-covering material, artificial skin and the like may be mentioned. For 
opthalmology, there may be suitably used soft contact lenses and hard contact lenses comprising the polymer of the 
present invention. In particular, the polymer is better used for soft contact lenses having high water content which often 
suffer from growth of bacteria. Besides the above, the polymer of the present invention is used for disposable tubes for 
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medical purposes, catheters and the like. . 

The above items may comprise, in addition to the components described above, other additives such as organic 
polymers, fillers, stabilizers and stains (pigments) according to the intended uses. 

Important ones among these components in the present invention are next explained. 

Examples of the ethylenically unsaturated monomer used in the invention are esters of an acid such as a- 
cyanoacrylic acid, (meth)acrylic acid, urethane (meth)acrylic acid, crotonic acid, cinnamic acid, sorbic acid, maleic acid 
or itaconic acid, with a mono- or dihydric alcohol; (meth)acrylamides such as N-isobutylacrylamide; vinyl esters of car- 
boxylic acids, such as vinyl acetate; vinyl ethers such as butyl vinyl ether; mono-N-viny! compounds such as N-vinyipyr- 
rolidone and styrene derivatives. Particularly suitable for the purpose of the present invention are the following mono- 
or multifunctional (meth)acrylates and urethane (meth)acrylates. The terms (meth)acrylic acid and (meth)acrylate 
herein mean acrylic acid and/or methacrylic acid, and acrylate and/or methacrylate, respectively. 

i) Monofunctional monomers 

Methyl (meth)acrylate. n- or i-propyl (meth)acrylate, n-, i- or t-butyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, 
siloxanyl methacrylate and the like. 

ii) Difunctional monomers 

Compounds represented by the general formula 



H 2 C=C-C-0- (CH 2 ) n-0-C-C=CH 2 
I I 

o o 



wherein n represents an integer of 3 to 20 and R represents a hydrogen atom or a methyl group. 

Examples : Di(meth)acrylates of propanediol, butanediol, hexanediol, octanediol, nonanedioi, decanediol, eicosanediol 

and the like. 

Compounds represented by the general formula 



I I I 

H 2 C=C-C-0- (OCH 2 CH) n-0-C-C=CH 2 

I I 

o o 



wherein n represents an integer of 1 to 14 and R represents a hydrogen atom or a methyl group. 
Examples : Di(meth)acrylates of ethylene glycol, diethylene glycol, Methylene glycol, tetraethylene glycol, dodecaethyl- 
ene glycol, tetradecaethylene glycol, propylene glycol, dipropylene glycol, tetradecapropylene glycol and the like; glyc- 
erine di(meth)acrylate; 2,2-bis[4-(3-methacryloylQxy-2-hydroxypropoxy)phenyl]propane ("Bis-GMA^; bisphenol-A 
di(meth)acryiate, neopentyl glycol di(meth)acrylate; 2 l 2-di(4-methacryIoyloxypolyethoxyphenyl)propane (having 2 to 10 
ethoxy groups in a molecule), 1 ,2-bis(3-methacryloyloxy-2-hydrQxypropoxy)butane and the like. 

iii) Tri- or more functional monomers 

Trimethylolpropane tri(meth)acrylate, pentaerythritol tetra(meth)acrylate and the like. 

iv) Urethane (meth)acrylate 

Examples are reaction products of 2 moles of a (meth)acrylate having a hydroxy! group and 1 mole of a diisocy- 
anate and those of an urethane prepolymer having an NCO group at each of its molecular ends and a (meth)acrylate 
having a hydroxyl group. The products of these reactions have the following structure. 
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H H R« 

I I I 

O-C-N-R 3 -N-C-O-R 1 -0-C-C=CH 2 

I I I 

0 0 0 



wherein R 1 represents a hydrogen atom or a methyl group, R 2 represents an alkylene group and R 3 represents an 
organic residue. 

Polymerizable monomers having an acid group such as phosphoric acid group or carboxylic acid group are also 
usable for the purpose of the invention, and their examples are as follows. 

0 Those containing phosphoric acid group 



0 R' 

1 I 

HO-P-O-R 3 -OOC-C=CH 2 

I 

o 

I 

HO-P-O-R 4 -OOC-C=CH 2 

I I 

O - R J 



H 2 C=C-C-0-R 2 - 
I 



wherein R 1 and R 2 each represents a hydrogen atom or a methyl group and R 3 and R 4 each represents an organic 
residue. 

R' O 

I I 

H 2 C=C-C-0- (CH, ) n-O-P-OR 2 

I I 

O OH 



wherein R 1 represents a hydrogen atom or a methyl group, R 2 represents a hydrogen atom or a phenyl group and 
n represents an integer of 2 to 14. 

ii) Reaction products of a (meth)acrylate having a hydroxyl group as a branch and phosphoryl chloride and their 
example are as follows. 

CH, CH, CH, 

H^^COCH.CHCH.O-^-C^-OCH.CHCH^cLcH. 

° ~ O CH, O O 

I j_ ... 

Cl-P=0 C I - P = o 

I. I 

CI CI 



Hi) Monomers having carboxyl group 
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FV COOH 
H,C = C-COO-R l -OOC-^^-COOH 



and their anhydrides 



O 
il 

,c-o 



H,C-C~COO-R l -OOcY Vc = 0 



wherein R 1 represents a hydrogen atom or a methyl group and R 2 represents an organic residue. A concrete exam- 
ple is 4-methacryloyloxyethyl trimellitate anhydride. 

Other examples are represented by the following formula 



R 1 COOH 

I I 
H 2 C=C-C-0-R 2 -CH 

I I 

O COOH 



wherein R 1 represents a hydrogen atom or a methyl group and R 2 represents an organic residue. An example is 

CH 3 COOH 

I I 
H 2 C=C-C-0- (CH 2 )i q-CH 

I I 

O COOH 



Examples of the filler which may, as required, be added to the composition of the present invention are quartz powder, 
alumina powder, hydroxyapatite, calcium carbonate, f luoroaluminosilicate glass, barium sulfate, titanium oxide, zirconia 
powder, glass powder, microf ine silica and organic composite fillers containing organic components and inorganic com- 
ponents. Powder of polymers such as polymethyl methacrylate, polystyrene and polyvinyl chloride may also be, if nec- 
essary, added! Examples of the glass are silica glass, soda silicate glass, boro-silicated glass, barium boroalumino- 
silicated glass, aluminosilicate glass, strontium boroalumino-silicated glass, synthetic silica and titanium silicate glass. 

It is desirable that the inorganic filler used in the present invention be surface-treated before use. Examples of sur- 
face-treating agents usable for this purpose are organosilicon compounds such as y -methacryloxypropyltrimethox- 
ysilane, vinyltrichlorosilane. vinyltriethoxysilane, vinyltrimethoxysilane, vinyrtriacetoxysilane and 
vinyltri(methoxyethoxy)silane. The silane treatment is conducted in the usual manner. 

Examples of the polymerization initiator used in the present invention are room-temperature initiators, e.g. perox- 
ides such as benzoyl peroxide and cumene hydroperoxide; tributylborane; benzoyl peroxide-aromatic tertiary amine 
systems and aromatic suffinic acids (or salts thereof)-aromatic secondary or tertiary amine-acyl peroxide systems. Also 
usable are photopolymerization initiators, e.g. camphorquinone, camphorquinone-tertiary amine systems, camphorqui- 
none-peroxide systems, camphorquinone-aldehyde systems, camphorquinone-mercaptan systems and acylphosphine 
oxides. Suitably used for photopolymerization by UV irradiation are benzoin methyl ether, benzyl dimethyl ketal, benz- 
ophenone, 2-methyfthioxanthone, diacetyl, benzyl, azobisisobutyronitrile and tetramethylthiuram disulfide. 
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The composition of the present invention may, as required, further incorporate a polymerization inhibitor, stain, flu- 
orescent agent, UV-absorber or like additives. 

Other features of the invention will become apparent in the course of the following descriptions of exemplary 
embodiments which are given for illustration of the invention and are not intended to be limiting thereof. 

EXAMPLES 
Example 1 

A dental composite resin (Composition 0 was prepared by mixing 17 parts by weight of a mixture consisting of 70 
parts by weight of BisGMA, 20 parts by weight of triethyiene glycol dimethacrylate, 2 parts by weight of an antimicrobial 
component of the compound 1 shown below, 1 part by weight of camphorquinone and 2 parts by weight of dimethylami- 
noethyl methacrylate, and 83 parts by weight of a quartz powder surface-treated with y -methacryloyloxypropyltrimeth- 
oxysilane and having an average particle diameter of 2.4jim The composition thus prepared was polymerized and 
formed into a disc shaped specimen having a diameter of 1 0 mm and a thickness of 2 mm. The specimen was sterilized 
with ethylene oxide gas and then evaluated for antimicrobial activity according to the evaluation methods A, A'. B and 
B\ The results are shown in Table 1 . 



CH, 

H,C-C-C-0'--(CH.) ,*-N^T^. B r" 



Evaluation of antimicrobial activity 
Evaluation method A 

On a prepared BHI (brain heart infusion) agar plate, a culture fluid of streptococcus mutans (strain MT 8184) is 
applied and dried. On the dried plate, a specimen having been evacuated of ethylene oxide gas is placed and incuba- 
tion is conducted at 37°C for 48 hours. After completion of the incubation, development of bacteria on the bottom sur- 
face of the specimen and that on the surrounding agar region are observed. The results are expressed in terms of the 
following ratings. 

a) Inhibition of growth of bacteria on the surface of specimen 

-: No inhibition at all of bacterial growth beneath the surface of specimen. Bacteria have grown uniformly on 
the entire plate. 

±: The effect of inhibiting bacterial growth is slightly observed on the region on the agar plate just beneath the 
specimen. 

+: Bacteria! growth is hardly observed on the region on the agar plate just beneath the specimen. 
++: No bacterial growth is observed at all on the region on the agar plate just beneath the specimen. 

b) Development of growth-inhibition ring 

-: No inhibition ring is observed at all around the specimen. 

±: A ring-shaped inhibition of growth is observed around the specimen, the ring having a width of less than 1 
mm. 

+: A growth-inhibition ring is observed around the specimen, the ring having a width of not less than 1 mm and 
less than 2 mm. 

++: A growth-inhibition ring is observed around the specimen, the ring having a width of more than 2 mm. 
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Evaluation method A' 

The procedure of evaluation method A is followed with the specimen having been immersed in water at 37°C for 1 
month. 

Evaluation method B 

A specimen is hung in a 1 x 10 7 CFU/ml solution of streptococcus, mutans and containing 1% sucrose. Incubation 
is conducted at 37°C for 24 hours and then the plaque having deposited on the specimen surface is dyed and judged 
for the effect of inhibiting plaque deposition, of the specimen. The results are expressed in terms of the following ratings. 

-: Plaque deposition has hardly been inhibited. No difference in the amount deposited between the specimen and 

a control containing no antimicrobial component. 
±: Plaque deposition has been suppressed to a certain extent. 
+: Plaque deposition has been suppressed to a considerable extent. 
++: Almost no deposit of plaque is observed on the specimen surface 

Evaluation method B' 

The procedure of evaluation method B is followed with the specimen having been immersed in water at 37°C for 1 
month. 

Examples Z to 3 

Example 1 was repeated except that compositions containing the following compounds 2 to 3 in lieu of the com- 
pound 1 were used instead of the composition I. 

CH, 
I 

H : C = C-C-0- (CHJ 12 

II 
0 




HiC = CH-C-0- (CH 2 ) lt ~N+V B r~ 
II \=/ 
O 



The results were all good as shown in Table 1 , thus proving the fact that antimicrobial polymerizable compounds 
according to the present invention and other than compound 1 are also effective. 

Comparative Example 1 

Example 1 was repeated except that a composition that is the same as composition I but with no compound 1 . The 
results are shown in Table 1 . 

Comparative Example 2 through § 

Example 1 was repeated except that compositions containing the following compounds 7 through 10 in lieu of the 
compound 1 were used instead of the composition I. The results are shown in Table 1 . 
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CH, (CH : ) • C I 



CH, 

CH, (CH,) ,,-N-CH,f V C I 
CH, 



,s CH,CH,OH 

CH, (CH,) „-N-CH/ V C I 



20 



25 



30 



35 



40 



45 





CH,CH,OH 



Q(CH,) ,C.H, 
CH,CH ( . HC I 

(CH,) ,CH, 
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50 
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Examples 4 through g 

Test specimens were prepared from 5 compositions comprising 5 commercial dental materials as shown in Table 
2 and incorporating a designated amount of compound 1 as an antimicrobial composition. The test specimens were 
5 evaluated for antimicrobial activity according to methods A, A', B and B\ The results are shown in Table 2. The antimi- 
crobial compound used in the present invention is also effective when used in combination with commercial dental 
materials. 

Comparative Example? 6 through 1Q 

w 

Test specimens similar to those in Examples 4 through 8 were prepared by using compound 7 instead of compound 
1 and evaluated in the same manner. The results are shown in Table 2. 

Co m parat ive Ex ample s 11 thr ough 1 5 

15 

Examples 4 through 8 were repeated except that the commercial dental materials were used as they were, without 
addition of the antimicrobial component. The results of evaluation are shown in Table 2. 
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A composition comprising 96.7 parts by weight of 2-hydroxyethyl methacrylate (HEM A), 3 parts by weight of com- 
pound 1 and 0.3 parfby weight of ethylene glycol dimethacrylate was subjected to bulk polymerization with an azobis- 
5 based polymerization initiator (V-601), to give a polymer for soft contact lens. The polymer is formed into a plate having 
a diameter of 10 mm and a thickness of 0.1 mm, which was then evaluated for antimicrobial activity according to the 
following methods. 

Evaluation method C 

10 

Paecilomyces lilacinus, which often develops on soft contact lens, was separated, pre-incubated and prepared into 
a spore fluid. The spore fluid was applied onto a plate of PDA culture medium (potato, dextrose and agar). The speci- 
men was placed on the PDA plate and incubation was then conducted at 27°C for 7 days. After completion of the incu- 
bation, development of bacteria on and around the bottom surface of the specimen was observed. The results are 
15 expressed in terms of the following ratings. 

a) Inhibition of bacteria growth on the surface of specimen 

-: No inhibition at all of bacterial growth on the surface of specimen or on the agar plate just beneath the spec- 
20 imen. 

±: The effect of inhibiting bacterial growth is slightly observed on the region on the surface of specimen and on 

the agar plate just beneath the specimen. 
+: Bacterial growth is hardly observed on the surface of the specimen or on the agar plate just beneath the 

specimen. 

25 

b) Development of growth-inhibition ring 

-: No inhibition of growth is observed at all around the specimen. 
±: A vague growth-inhibition ring is observed around the specimen. 
30 +: Growth-inhibition ring is clearly observed around the specimen. 

Evaluation method C 

The procedure of evaluation method C is followed with the specimen having been immersed in water at 37°C for 1 
35 month. 

The results are shown in Table 3. 

Examples 10 to 11 

40 Example 9 was repeated except that compounds 2 to 3 were used instead of compound 1 . The results are shown 
in Table 3. Compositions containing other antimicrobial, compounds and according to the present invention also give 
good results. 

Comparative Example 16 

45 

Example 9 was repeated except that HEMA was used instead of compound 1 . The evaluation results are shown in 
Table 3. 

Comparative Examples 1 7 through 20 

50 

Example 9 was repeated except that compounds 7 through 10 were used instead of compound 1. The results are 
shown in Table 3. 
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Table 3 



Example or 
Comparative 
Example 


Antimicrobial 
compound 


Content of antimi- 
crobial compound 
(wt%) 


Formation of growth-inhibi- 
tion ring 


Inhibition of bacterial growth 
beneath specimen surface 








Method 


Method 








C 


C 


C 




Example 9 


Compound 1 


3.0 






+ 


+ 


Example 10 


Compound 2 


3.0 






+ 


+ 


Cvamnlo 1 1 


C\r\rY\r\m inH Q 

VAjrnjjuunQ o 


q n 






+ 


+ 


Comp.Ex. 16 














Comp.Ex. 17 


Compound 7 


3-0 


+ 




+ 




Comp.Ex. 18 


Compound 8 


3.0 


+ 




+ 




Comp.Ex. 19 


Compound 9 


3.0 


+ 




+ 




Comp.Ex. 20 


Compound 10 


3.0 


+ 




+ 





Example 12 



25 Evaluation method D 

Pseudomonas aeruginosa, which is often found in cornea infection of contact lens wearers, is separated and pre- 
incubated. The bacterial liquid was applied onto a plate of BHI (brain heart infusion) agar culture medium. The same 
specimen as in Example 9 was placed on the BHI plate and incubation was then conducted at 37°C for 48 hours. After 
30 completion of the incubation, development of bacteria on and around the bottom surface of the specimen are observed. 
The results are expressed in terms of the same ratings as those for evaluation method C. The results are shown in Table 
4. 

Evaluation method D' 

35 

The procedure of evaluation method D is followed with the specimen having been immersed in water at 37°C for 1 
month. The results are shown in Table 4. 

Example 13 

40 

Example 12 was repeated except that Staphylococcus epidermidis was used for evaluation instead of the P. aeru- 
ginosa used in Example 12. The evaluation results are shown in Table 4. 

Example 14 

45 

Example 12 was repeated except that Streptococcus pyogenes was used for evaluation instead of P. aeruginosa. 
The evaluation results are shown in Table 4. 

Comparative Examples 21 through 23 

so 

Example 12 (Example 9) was repeated except that HEMA was used instead of compound 1 , to prepare a speci- 
men. The specimen was evaluated by the same procedures as in Examples 12 through 14. The results are shown in 
Table 4. 

55 Comparative Examples 24 through 26 

Example 12 (Example 9) was repeated except that compound 7 was used instead of compound 1, to prepare a 
specimen. The specimen was evaluated by the same procedures as in Examples 12 through 1 4. The results are shown 
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Examples 15 through 17 

A composition comprising 67 parts by weight of methyl methacryiate (MMA), 30 parts by weight of siloxanyl meth- 
acrylate and 3 parts by weight of compound 1 was subjected to bulk polymerization with an azobis-based polymeriza- 
tion initiator (V-601), to obtain a polymer for hard contact lens. The polymer is formed into a plate having a diameter of 
10 mm and a thickness of 0.2 mm, which was then evaluated in the same manner as in Examples 12 through 14 (eval- 
uation method D and D*). The results are shown in Table 5. 

Comparative Examples 27 through 29 

Example 15 was repeated except that compound 1 was replaced by MMA, to obtain a specimen. The specimen 
was evaluated in the same manner as in Examples 1 5 through 1 7. The results are shown in Table 5. 

Comparative Examples 3 0 through 32 

Example 1 5 was repeated except that compound 7 was used instead of compound 1 , to obtain a specimen, which 
was then evaluated in the same manner as in Examples 15 through 1 7. The results are shown in Table 5. 
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Example 1Q 

A bone cement comprising the following powder agent and liquid agent was tentatively prepared. The powder 
agent and the liquid agent were mixed in a ratio of 2/1 (g/ml) and the mixture was put into a split mold having a diameter 
s and thickness of 10 mm and 3 mm, respectively, and cured therein. The cured article was allowed to stand at 37°C for 
1 day and then evaluated in the same manner as in Example 14. The results are shown in Table 6. 



Powder agent 


Polymethyl methacrylate (PMMA) 


89 parts by weight 


Barium sulfate 


10 parts by weight 


Benzoyl peroxide 


1 part by weight 



Liquid agent 


Methyl methacrylate (MMA) 
Compound 1 
N,N-diethanol-p-toluidine 


88 parts by weight 
10 parts by weight 
2 parts by weight 



25 

Examples 19 to 20 

Example 1 8 was repeated except that each of compounds 2 to 3 was used instead of compound 1 . The evaluation 
results are shown in Table 6. 

30 

Example 21 

A composition comprising 95 parts by weight of MMA and 5 parts by weight of compound 1 was emulsion-polym- 
erized to give a particulate polymer (polymer A). The polymer thus obtained was used to prepare the following bone 
35 cement tentatively, which was evaluated in the same manner as in Example 1 8. The results are shown in Table 6. 





Powder agent 


40 


Polymer (A) 


89 parts by weight 




Barium sulfate 


10 parts by weight 




Benzoyl peroxide 


1 part by weight 



45 





Liquid agent 


so 


MMA 


98 parts by weight 




N,N-diethanol-p-toIuidine 


2 parts by weight 



Examples 22 to 23 

Example 21 was repeated except that each of compounds 2 and 5 was used instead of compound 1 . The evalua- 
tion results are shown in Table 6. 
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Qpmparjrtive Example 33 

Example 18 was repeated except that compound 1 in the liquid agent was replaced by MMA. The evaluation results 
are shown in Table 6. 

Comparative Examples 34 through 37 

Example 18 was repeated except that compound 1 in the liquid agent was replaced by each of compounds 7 
through 10. The evaluation results are shown in Table 6. 



Table 6 



Example or 
uornparaiive 
Example 


Antimicrobial 
compouno 


Content of antimi- 
crouiai compound 
(wt%) 


Formation of growth-inhibi- 
tion ring 


Inhibition of bacterial growth 
beneath specimen surface 








Method 


Method 








C 




C 




Example 18 


Compound 1 


about 3.0 






+ 


+ 


Example 19 


Compound 2 


about 3.0 


± 




+ 


+ 


Example 20 


Compound 3 


about 3.0 






+ 


+ 


Example 21 


Compound 1 


about 3.0 






+ 


+ 


Example 22 


Compound 2 


about 3.0 






+ 


+ 


Example 23 


Compound 3 


about 3.0 






+ 


+ 


Comp.Ex. 33 














Comp.Ex. 34 


Compound 7 


about 3.0 


+ 




+ 




Comp.Ex. 35 


Compound8 


about 3.0 


+ 




+ 




Comp.Ex. 36 


Compound 9 


about 3.0 


+ 




+ 




Comp.Ex. 37 


Compound 10 


about 3.0 


+ 




+ 





Examples 24 to 2g 

In 1 00 ml of water was dissolved 5 g of compound 1 . In the obtained solution 5 g of a collagen nonwoven fabric was 
immersed. To the mixture, 2.5 ml of 1N nitric acid containing 0.1 mole/l of ammonium-cerium nitrate was added, and 
polymerization was effected at 20°C under an atmosphere of nitrogen for 10 hours. The nonwoven fabric thus treated 
was repeatedly washed with water and acetone, to give a wound-covering materia! (artificial skin) comprising a collagen 
nonwoven fabric to which compound 1 has been graft-polymerized. The material thus obtained was cut to square 
sheets of 10 x 10 mm, which were then evaluated for antimicrobial activities in the same manner as in Examples 12 
through 1 4 (by evaluation methods D and D*). The results are shown in Table 7. 

Examples 27 to 28 

Example 24 was repeated except that compounds 2 to 3 were each used instead of compound 1 . The evaluation 
results are shown in Table 7. 

Comparative Example 38 

Example 24 was repeated except that the collagen nonwoven fabric was used as it was. The results are shown in 
Table 7. 
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Table 7 



5 


Examole or 
Comparative 
Example 


Antimicrobial 
compound 


Bacterium ij^aH 


Formation of growth-inhibi- 
tion ring 


Inhibition of bacterial growth 
beneath specimen surface 










Method 


Method 


10 








D 


D' 


D 


D' 


example 24 


Compound 1 


P. aeruginosa 






+ 


+ 




Example 25 


Compound 1 


S. epidermidis 






± 






Example 26 


Compound 1 


S. pyogenes 






+ 


+ 


15 


Example 27 


Compound 2 


P. aeruginosa 






+ 


+ 




Example 28 


Compound 3 


P. aeruginosa 






+ 


+ 




Comp. Ex. 38 




P. aeruginosa 











20 Example 29 



A composition comprising 80 parts by weight of methyl methacrylate (MM A) and 20 parts by weight of compound 
1 was subjected to bulk polymerization with an azobis-based polymerization initiator (V-601), to give a polymer having 
a number average polymerization degree of about 60,000. To remove residual monomers, the polymer obtained was 
25 dissolved in methylene chloride, and reprecipitated from hexane and collected by filtration. The thus purified polymer 
was named poIymer-B. A 5% by weight solution of the polymer-B in methylene chloride was prepared. A polyvinyl chlo- 
ride catheter was immersed in the thus prepared solution. The catheter was then taken out and the adhering methylene 
chloride was sufficiently evaporated off, to give a catheter surface-coated with polymer-B. The thus surface-treated 
catheter and an untreated catheter were compared for antimicrobial activities according to the following method. 

30 

Evaluation method E 

Staphylococcus epidermidis is separated and pre-incubated. The bacteria liquid is inoculated on a BH! culture 
medium. A specimen is immersed in the thus prepared liquid culture medium and aerobic incubation is conducted at 
35 . 37°C for 48 hours. The specimen is taken out and gram stained. The condition of bacterial growth on the specimen sur- 
face is observed and judged according to the following ratings. 

-: No inhibition at all of bacterial growth on the surface of the specimen (bacteria have grown to the same extent 

as or even larger extent than on the surface of the untreated specimen). 
40 ±: The effect of inhibiting bacterial growth is slightly observed on the surface of specimen, i.e. bacteria have grown 

to a smaller extent than with the untreated specimen. 
+: Bacteria! growth is hardly observed on the surface of the specimen. 

The results of evaluation are shown in Table 8. 

45 

Examples 3Q through 3? 

Example 29 was repeated except that a suture (made of silk), an artificial skin (made of formalized polyvinyl alco- 
hol) or an artificial vessel (made of segmented polyurethane) was used instead of the catheter used in Example 29. The 
so evaluation results are shown in Table 8. 

Comparative Examples 39 through 42 

Examples 29 through 32 were repeated except that PMMA (polymethyl methacrylate) was used instead of polymer- 
55 B. Tne results are shown in Table 8. 
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Table 8 



Example or Comparative 
Example 


Antimicrobial compound 


Content of antimicrobial 
compound (wt%) 


Inhibition of bacterial 
growth on specimen sur- 
face Evaluation method E 


Example 29 


Compound 1 


20 


+ 


Example 30 


Compound 1 


20 


+ 


example o i 


Lrompouna i 


20 


+ | 


Example 32 


Compound 1 


20 


± 


Comp. Ex 39 
Comp. Ex 40 
Comp. Ex 41 
Comp. Ex 42 









Claims 



1 . A polymerizable composition comprising an ethytenically unsaturated monomer, at least one mono-, di- or Afunc- 
tional monomer selected from the group represented by the following general formulas I through III and having anti- 
microbial activities and a polymerization initiator 



R, 
I 

H,C=C-C-X-R 2 -Y 
I 

O 



I 

(H 2 C=C-C-X-R 2 -) 2 -Y ' 
I 

O 



II 



Ri 
I 

(KjC^C-C-X-R, -) , -Y* 
I 

O 



III 



wherein R t represents a hydrogen atom or a methyl group, R 2 represents an alkylene group having 6 to 18 carbon 
atoms, X represents an oxygen atom, a sulfur atom or an imide group and Y, Y* and Y" represent any one selected 
from the following respective formulas: 
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wherein R 3 represents a hydrogen atom or an alky! group having 1 to 18 carbon atoms, R4 represents a methyl 
group, an ethyl group or a hydroxyethyl group and Z represents a chlorine atom or bromine atom. 

2. A process for the preparation of an antimicrobial linear copolymer by polymerizing a monofunctional ethylenically 
unsaturated monomer and a monofunctional antimicrobial monomer represented by the above genera! formula I of 
claim 1. 

3. A process for the preparation of an antimicrobial crosslinked copolymer by polymerizing a mono- or multifunctional 
ethylenically unsaturated monomer and an antimicrobial monomer represented by the above formula I, II or III of 
claim 1. 

4. An insoluble antimicrobial medical article obtained by shaping the polymer as obtained in Claim 2. 

5. An insoluble antimicrobial medical article obtained by shaping the polymer as obtained in Claim 3. 
PatentansprOche 

1. Polymerisierbare Zusammensetzung, welche ein ethylenisch ungesattigtes Monomer, mindestens ein mono-, di- 
oder trifunktionales, antimikrobielle Aktivitat aufweisendes Monomer aus der Gruppe, dargestellt durch die folgen- 
den aJlgemeinen Formeln I bis III, und einen Polymerisationsinitiator umfaBt, 
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I 

H t C=C-C-X-R,-X 
I 

0 



R. 
I 

(Hj C=C-C-X-R r -) 2 -Y ' 
I 

O 



ir 



(H, C=C-C-X-R, -) , -Y" III 

o 



worin R 1 ein Wasserstoffatom oder eine Methylgruppe, R 2 eine Alkylengruppe mit 6 bis 18 Kohlenstoffatomen. X 
ein Sauerstoffatom. ein Schwefelatom oder eine Imidgruppe und Y, Y' und Y" eines aus den folgenden jeweiligen 
Formeln darstellen, 
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worin R 3 ein Wasserstoffatom Oder eine Alkyigruppe mit 1 bis 18 Kohlenstoffatomen, R4 eine Methylgruppe, eine 
Ethylgruppe Oder eine Hydroxyethylgruppe und 2 ein Chloratom oder ein Bromatom darstellen. 

2. Verfahren zur Hersteliung eines antimikrobiellen, linearen Copolymers durch Polymerisieren eines monofunktiona- 
len, ethylenisch ungesattigten Monomers und eines monofunktionalen, antimikrobiellen Monomers, dargestellt 
durch die vorgenannte allgemeine Formel I von Anspruch 1. 

3. Verfahren zur Hersteliung eines antimikrobiellen, vernetzten Copolymers durch Polymerisieren eines mono- Oder 
muKifunktionalen, ethylenisch ungesattigten Monomers und eines antimikrobiellen Monomers, dargestellt durch 
die vorgenannte Formel I, II oder HI von Anspruch 1 . 

4. Unlfislicher, antimikrobieller, medizinischer Gegenstand. erhalten durch Formen des Polymers, wie in Anspruch 2 
erhalten. 

5. Uniaslicher, antimikrobieller, medizinischer Gegenstand. erhalten durch Formen des Polymers, wie in Anspruch 3 
erhalten. 
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Revendications 



1. Composition polymerisable comprenant un monomere ethyleniquement insature, au moins un monomere mono-, 
di- ou tr'rfbnctionnel choisi dans le groups represents par les formulss generates suivantes I a III et possedant des 
activites antimicrobiennes et un amorceur de polymerisation 



R. 
I 

H, C=C-C-X-R, -Y 
I 

O 



(H, C=C-C-X-R, -) , -Y ' 
I 

0 



II 



Ri 
I 

(H,C=C-C-X-R,-) ,-Y' 
I 

O 



III 



dans lesquelles H t represents un atome d'hydrogene ou un groupe methyle, R 2 represente un groupe alkylene 
avec 6 a 18 atomes de carbone, X represente un atome d'oxygene, un atome de soufre ou un groupe imide et Y, 
V et Y" represented Tun quelconque choisi a partir des formules respectives suivantes : 



Y : 
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V :>N (RJ ,-2-/ >N + R,CH l M.Z", >NR.CH. 



+ + + 




75 




dans lesquelles R 3 repr6sente un atome d'hydrog&ne ou un groupe alkyle ayant 1 & 18 atomes de carbone, R 4 
repr6sente un groupe methyle, un groupe ethyle ou un groupe hydroxy6thyle et Z represente un atome de chlore 
20 ou un atome de brome. 

2. Precede pour la preparation d'un co-polymere Iin6aire antimicrobien par polymerisation d'un monomere monofonc- 
tionnel ethyieniquement insature et un monomere monofonctionnel antimicrobien represente par la formule g6n§- 
rale ci-dessus 1 de la revendication 1 . 

25 

3. Procede pour la preparation d'un copolymfcre reticule antimicrobien par polymerisation d'un monomere mono- ou 
multifonctionnel ethyieniquement insature et un monomere antimicrobien repr6sent6 par la formule ci-dessus 1,2 
ou 3 de la revendication 1. 

30 4. Produit medical antimicrobien insoluble obtenu par formage du polymere tel qu'obtenu dans la revendication 2. 
5. Produit medical antimicrobien insoluble obtenu par formage du polymere tel qu'obtenu dans la revendication 3. 

35 
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